Since 1991, a large-scale satellite traclung study of White Stork Ciconia ciconia has followed 75 individuals along the eastern migration route, which passes across Israel into eastern Africa. Twenty-six of these birds travelled at least as far as the Sudan. Fifteen (58%) did not migrate t o the eastern Sudan -the primary winter quarters in Africa suggested by ring recoveries -but flew to western Sudan and Chad and in one case even through Cameroon and into Nigeria. T h e significance of this new, important staging region for White Storks should be investigated urgently, t o establish the areas that are ecologically valuable for the conservation of this species.
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The various European populations of the White Stork
Ciconia ciconia are known to overwinter mainly in Africa and to reach this continent by routes that largely bypass the Mediterranean Sea. There are two such routes, separated by a 'migration divide': the western populations fly over the Iberian Peninsula and Gibraltar, primarily to northwestern Africa, whereas the eastern populations pass over Israel and the Sinai Peninsula into eastern Africa, some as far as the southern tip of the continent. For the eastern migrants, the Sudan is an important stopping place during winter. Some Storks rest there briefly, others use it as an intermediate destination for longer sojourns, and for still others it is the final winter quarters (Schuz et al. 1971) . The recoveries made here in almost 100 years of White Stork ringing (Jespersen & T h i n g 1950) and many visual observations made on expeditions have suggested that the eastern Sudan is the most important region for White Storks.
In his review of White Stork migration, Schulz (1988) summarized the situation as follows: 'In the short-grass savannah belt of the eastern Sudan ... the White Storks make a ... stopover, and with energy reserves replenished they then migrate further south, in order ... to spend the winter months in eastern or *Corresponding author Email berthold@vowa ornithol.mpg.de southern Africa. The most important rest region extends . . . along the highway Wad Medani-Gedaref . . southeast of the capital Khartoum'. In contrast, observations in the western Sudan are said to be only 'relatively frequent', and documentation in Chad shows that 'the country does not lie within the regular overwintering region' and any presumed members of eastern populations encountered there 'must have departed from the actual migration route in Egypt or the Sudan, diverging to the west'. Schuz et al. (1971) and Nikolaus (1 989) also emphasize the dominant role of the eastern Sudan for White Storks, and Schuz and Bohringer (1950) even refer to birds documented in the western Sudan as having been 'derailed'. However, the satellite traclung studies of the White Stork that we have been carrying out since 1991 show that, as a staging area and intermediate destination of the White Stork, the western Sudan and Chad are at least equal in significance to the eastern Sudan. That finding is the subject of this report.
METHODS

Ring recoveries
White Storks are among the pioneer species of bird ringing. They have been ringed in large numbers since 1901 (Jespersen & T h i n g 1950 , Schuz et al. 1971 (1997) . Regarding the present paper, the following additional information is significant: the 19 adults were caught and fitted with transmitters in Eastern Germany (eight, 1993-98) , Poland (nine, 1996-98) and Israel (two, 1995 and 1996) , the seven first-year birds all in Eastern Germany .
The transmitters we used were obtained from the Japanese firm Toyocom in 1991, and from 1992 on from Microwave, USA; they became progressively lighter, weighing 90 g until 1994, 35-60 g from then until 1997, and 35 g from 1998 on. Those used until 1994 were mainly battery-powered, whereas solar energy was the predominant power source from 1995 to 1997 and has been used exclusively since the beginning of 1998. The transmitters were attached to the backs of the birds by means of lightweight (c. 20 g) Perlon harnesses, in such a way that the antenna projected out of the back plumage for about 15-20 cm. So that there would be no sites of concentrated pressure or friction, the Perlon strands were coated in Teflon. The transmitters were adjusted so that we received locations daily from 21 birds and every two days from the remaining five.
Study area
The area within which the satellite tracked White Storks moved in the Sudan and Chad, and stayed for a t least 12 days, extended from 18 to 37"E and 9 to 17"N.
Therefore we selected this rectangular region for the comparison with ring recoveries (Fig. 1 ).
RESULTS
Ring recoveries versus satellite tracking data
In Figure 1 we show the locations of White Storks obtained by satellite tracking along with the ring recoveries from the study area defined above. The distribution of the 159 recoveries on either side of the midline of the research area (which is at 27'30'E) is as follows: to the east, 139 (87%); to the west, 20 (13%). In contrast, only 11 (42%) of the satellite tracking locations of stopover periods were east of the midline, and 15 (58%) were to the west. The difference is highly significant ( x 2 = 29.65, P < 0.0001). Table 1 shows that the east-west distribution of the ring recoveries, with a clear bias towards the eastern half of the test area, is typical of all of the main regions of origin and ringing centres involved. Of the 26 tracked birds that reached the Sudan, 15 originated in Germany, nine in Poland and two in Israel, and ten of the birds from Germany plus five from Poland migrated into the western half of the specified study area.
Neither in the ring recoveries nor in the satellite tracking locations were any differences found in the migratory and staging behaviour of adults and first-year birds in the area investigated.
Movements within Sudan and Chad, as far as Nigeria
Our results from satellite trachng enable us to document, for the first time, the complicated passage and stopover patterns of White Storks in the Sudan and
Chad. For this purpose we use the data from 20 of the 26 individuals included in this study, which are particularly informative and typical (Fig. 2) . Most of the tracked storks, when passing through Egypt south of Aswan, did not follow the Nile as i t turned southwest but rather continued through the Nubian Desert, flying either south-southeast or southsouthwest. Both the eastern and the western migrants later rejoined the Nile, in a region approximately betLveen the localities Abu Hamed in the east and Dongola in the west. Thereafter, the eastern a n d western migrants diverged progressively further. Birds aiming towards the eastern Sudan proceeded in the direction south-southeast to southeast, and after about 500-600 km reached their first African staging areas south of Khartoum (a). The storks with destinations in the western Sudan and in Chad at first continued to fly south-southwest, then southwest, until after about 1000 km they had reached the principal rest area in the western Sudan, in the Dafur region (b), and after a further 500 km, the principal resting regions in Chad, southwest of Abeche ( c ) . One of the storks tracked by us even migrated further west than Chad, as far as Nigeria. Having passed all the way through Chad, it crossed northern Cameroon on November 20, 1994 and reached eastern Nigeria (Fig. 2) on November 2 1, only to leave again on the same day. Then it flew back over northern Cameroon into Chad and settled in an area about 200 km southeast of Fort Lamy, where it remained into January 1995. This is the first demonstration that storks of the eastern populations, initially following the eastern route, can reach the winter quarters of the western storks in Nigeria.
Tiventy of the tracked storks whose transmitters went on worlung departed from their resting regions in the Sudan and Chad between October and the end of November, thus identifying these areas as intermediate goals in accordance with previous ringing results, and continued to migrate, in some cases as far as South Africa (Berthold et al. 1997) . In so doing, storks from the eastern Sudan simply carried on flying south, while those leaving Chad and the western Sudan more or less reversed their original migration direction and flew towards the east or southeast, so that in the southern Sudan they were reunited with their conspecifics from the eastern Sudan.
Of the 26 storks tracked into the study area in the Sudan and Chad defined above, we ceased to receive signals (as a result of death or transmitter failure) from five in the western half of the area (three adults, two juveniles) and only one (a juvenile) in the east. The remaining 20 birds subsequently left the study area and continued southwards, as described above, and ten of them were located later at sites ranging into southern Africa. Six of the 26 tracked storks were followed in two to three more migration periods, some with new transmitters. Five of these birds behaved the same on the second outward migration as on the first with respect to their choice of eastern or western intermediate goals, whereas one thrice-tracked female rested in the eastern half of the study area on the first and third outward journey but in the western half on the second.
DISCUSSION
The comparison between the White Stork ring recoveries, supplemented by visual observations, and the locations established by satellite tracking studies in the Sudan and Chad shows that the two methods -ringing and tracking -yield different distribution patterns: ring recoveries are chiefly concentrated in the eastern Sudan, while tracking data points to equally the western Sudan and Chad. The differences might be due to a bias resulting from variation in the likelihood that ring recoveries will be reported in different parts of northeast Africa, but it might also be that in the very recent period during which the satellite tracking technique has been employed, White Storks have changed their migratory behaviour.
Examination of all the available White Stork ring recoveries, subdivided into time segments, shows that during their 100-year ringing history they have clearly undergone a number of significant modifications of migratory behaviour (mainly shortening of the migration distance, directional shifts in the region of the European migration divide, and an earlier return to the breeding grounds). However, there is no discernible evidence of change in their movements in the Sudan and Chad. Furthermore, specialists who have investigated the White Storks in the Sudan know of no such changes (C. Nikolaus & H. Schulz, pers. comm.) .
On the other hand, it has long been suspected that distortions can arise from the differential reporting of ring recoveries. Schulz (1988) had this to say on the subject regarding the Sudan: 'The distribution of ringrecovery reports and observations ... gives the impression that the main migration route follows the Nile Valley; but the reason is that the Nile Valley is relatively densely populated, so that it is much more likely that storks passing through or dying in this region will be observed or found than in the unoccupied, remote regions of the Nubian Desert'. What holds for the Nubian Desert may equally apply to the relatively sparsely populated and comparatively isolated western Sudan and Chad. Such an idea becomes especially plausible when one considers that the less sophisticated inhabitants of the Sudan and other countries 'still regard bird rings as provided by God' and therefore tend to preserve them in shrines or wear them as amulets rather than send them back (Schulz 1988 ).
Following our studies, the planning of future expeditions and conservation projects affecting the White Stork should give priority to the western Sudan and Chad as important rest areas and intermediate destinations of individuals of the eastern population. In future such studies should examine the western regions with respect to the availability of food for these storks and the degree of hunting pressure on them. Only after thoroughgoing studies in the western Sudan and Chad will it be possible to assess whether the present estimates of losses of storks from the eastern population due to human persecution, which are of the order of 3-4% per year (Schulz 1988, Berthold 19933 , are realistic. Detailed information about the situation in the western Sudan and Chad is also extremely important with respect to a White Stork conservation project currently being in progress.
After the conclusion of a six-year research programme on the migration and resting beha\.iour of storks along the eastern route, financed by the German Federal Ministry of Environmental Affairs (Querner & Berthold 1998) , it is planned to ensure the preservation of the White Stork populations, particularly along the migration routes as well as in the stopover areas For the optimal implementation of these protective measures, studies of the stopover-site ecology of storks in the western Sudan and Chad are urgently required. These should include on-site investigation of the causes of the difference in flight directions of storks coming from Egypt, such that some migrate into the eastern part of the Sudan and some into the western part. The responsible factors might be endogenous, such as programmed directional preferences, but they might also be external circumstances such as small-scale differences in food supply.
Finally, it has been proposed that in the Sahel zone White Storks migrating along the western route occasionally move into the region of the eastern migrants, or vice versa, and then later migrate back along with the storks from the other population (loop or circle migration; e.g. Nikolaus 1989 ). The stork we tracked from the eastern route into Nigeria provides the first evidence that eastern storks can indeed sometimes travel into the winter quarters of the western storks, which makes the above idea entirely plausible.
